This study was conducted to evaluate 21 bread wheat genotypes includes 13 Egyptian cultivars under normal (five irrigations) and reduced irrigation (only the establishment irrigation) during 2010/11 and 2011/12 wheat growing seasons. The studied characters were: number of days to heading and maturity, grain filling period and rate, plant height, number of spikes m -2 , number of kernels per spike, kernel weight, grain yield, biological yield, straw yield, harvest index and stress susceptibility index. The variances due to genotypes were significant for all characters under all conditions and were higher under normal irrigation compared with those resulted from reduced irrigation for most characters across the two seasons, reflecting sufficient genetic variability between these entries, better expression of genetic potential and the importance of selection based on nonstress environment. Significant variations were detected due to water regimes, genotypes and interactions between genotypes and water regimes for most characters. The mean squares of irrigation regimes explained most of the total variations for most characters in the two seasons, indicating the relative importance of irrigation treatments in breeding programs for water stress tolerance. The variances due to genotypes were higher than those of interactions between genotypes and water regimes for most characters. The means of all genotypes significantly decreased for most characters in the two seasons under reduced irrigation. Number of spikes m -2 and harvest index were the most and least affected characters by reduced irrigation in the two seasons, respectively. Line 1, Line 2 and Line 3 were the earliest genotypes for days to heading and maturity and could be used as a source of earliness in breeding program. There were manifested declines in the temperature during the second season than the first one, resulting in lower mean squares of genotypes and higher means of all genotypes in the second season in most cases. The average reduction for all characters tended to increase under the second season for most characters. Regardless the yield potentiality, Cham 4 then Sakha 93 were the most tolerant genotypes to water stress in the two seasons and could be used as source of water stress tolerance in breeding programs, while Gemmeiza 9 was vice versa. Sakha 94 had high yield potential and water stress tolerance and hence recommended to be used as parent for genetic analysis and improvement of water stress tolerance in wheat breeding programs. Misr 1, Misr 2, Sids 13 and Shandweel 1 showed the high yield potentiality and susceptibility to water stress and could be used as source for yield potential improvement only. Sids 12 in the two seasons showed low yield potential and susceptibility to water stress. The remaining genotypes had year-to-year variation in grain yield potentiality and stress susceptibility index. Generally, some water stress tolerant-genotypes under this study are not necessarily to be the highest in yield potentiality.
INTRODUCTION
Wheat (Triticum aestivum L.) is one of the most important crops in Egypt. It has long been recognized that wheat productivity vary considerably as a result of genotype, environment and their interaction. Moreover, one of the most constraints for agriculture in Egypt is irrigation water limitation.
There are several direct and indirect ways in which water stress can be induced in field, greenhouse, pots, growth chamber or in laboratory. In field experiments, using surface irrigation, water stress could be induced by withholding irrigations at different stages or increasing of irrigation intervals in rain-free environment.
Variation for adaptation to water stress among genotypes has been reported in wheat (Farooq et al., 2014) . As most of the Egyptian wheat is produced under irrigated conditions, it is essential to determine the response of wheat genotypes to water regimes. According to many previous studies, reduction in the cycle length of the plant life (Bayoumi et al., 2008; and Hamam, 2008) and grain filling periods and rates (Madani et al., 2010) are some of the primary effects of the water deficit. Imposition of water stress caused a greater reduction in plant height (Mahamed et al., 2011) , biological, straw and grain yield and its components and harvest index (Waraich and Ahmad, 2010; Mahamed et al., 2011; and Saeidi and Abdoli, 2015) . On the other hand, in some studies, some agronomic characters did not affected under reduced irrigation such as number of kernels per spike (Tahmasebi et al., 2007) and kernel weight (Okuyama et al. , 2004) .
Yield trials to evaluate elite lines in a wide range of environments are important in plant breeding. These genotypes could be used in breeding programs according to three strategies i.e., evaluation under optimal or stress prone environments or making the superior genotypes under normal environments better adapted to stress conditions by incorporation of relevant stress tolerant attributes into these genotypes (Blum, 1979; and Rajaram and vanGinkel, 2001) .
Several selection criteria are proposed to select genotypes based on their performance in stress and nonstress environments. A stress susceptibility index (SSI) provides a measure of stress tolerance based on minimization of yield loss under stress as compared with optimum conditions (Fisher and Maurer, 1978) . There are many reports in literature on the use of SSI for identifying wheat genotypes with yield stability in moisture limited environments (Farhat 2009 ). According to Fernandez (1992) , the best measure for selection in water stress condition could be able to separate genotypes which have desirable and similar yield in stress and non-stress conditions from other groups. Three-dimensional plots using grain yield under normal and reduced irrigation and selection criterion were used to show the interrelationships among these three variables and separate genotypes of desirable and similar yield in stress and non-stress conditions from other ones.
Therefore, the objective of this study was to a) evaluate some Egyptian bread wheat cultivars and genotypes under normal and reduced irrigation, b) characterize the relative tolerance to water stress in Egyptian cultivars and c) determine relative contributions of genotype, reduced irrigation and their interaction to the variation in the studied characters tested across two seasons.
MATERIALS AND METHODS
This study was conducted at the Experimental Farm of Sakha Agricultural Research Station, Egypt (31° 5' 12" North, 30° 56' 49" East) . Twenty-one bread wheat (Triticum aestivum L.) genotypes were used and grown on 28 th , November during 2010/11 and 2011/12 wheat growing seasons. The name and pedigree of the studied genotypes are listed in Table 1 . ALD"S"/HUAC"S"//CMH74A.630/5X
8-Gemmeiza10
MAYA74"S"/ON//II60.147/3/BB/GLL/4/CHAT"S"/5/CROW"S" 9-Gemmeiza11 BOW"S"/KVZ"S"//7C/SER182/3 /GIZA168/SAKHA 61 In each season, the studied entries were evaluated in two separate irrigation regime experiments using flood irrigation method. The first regime included the establishment and four irrigations (Normal, N), while the second one included only the establishment irrigation (reduced irrigation, S).The establishment irrigation was about 500 m 3 fed -1 in each experiment in the two seasons, while the remaining four irrigations were about 1310 m 3 fed -1 and 1390 m 3 fed -1 in the normal experiments in the first and second season, respectively. In addition, the rainfall were equal to 654.9 m 3 fed -1 and 514.9 m 3 fed -1 in the first and second seasons, respectively (Table 2) . Each experiment was surrounded by a wide border (5m) to minimize the underground water permeability. The experimental site was close to main drainage canal, indicating the remoteness of the soil water level. Except for irrigation, recommended cultural practices for wheat cultivation in old land in Egypt were applied at the proper time. The preceding crop was maize in the two seasons. Readings of water table levels were taken at intervals during the irrigation events. According to proceeding of Page (1982) and Klute (1986) , the soil texture was a clay with a pH of 8.8 and increased with depths and EC ranged from 0.98 to 2.32 dsm -1 over the two seasons. The meteorological data for the two winter growing seasons at Sakha meteorological station are given in Table 2 . A randomized complete block design with six replications was used for each water regime. The plot area was 1.5 m 2 and consisted of two rows, 2 m long and 30 cm apart. Grains were manually drilled in the rows at the rate of 300 seeds m -2 . The studied characters were: number of days to heading (DH) and maturity (DM), grain filling period (FP, days and equal to the number of days from heading to maturity) and rate (FR, gm m -2 days -1 and equal to GY divided by FP), plant height (Ph, cm), number of spikes m -2 (SM), number of kernels per spike (KS), 1000-kernel weight (KW, gm), Grain yield (GY, kg m ) and Harvest index (HI, was estimated as the ratio of GY to BY and was expressed in percent).
Stress susceptibility index (SSI) was calculated using a generalized formula (Fisher and Maurer 1978) in which: SSI = (1 -Y d / Y p ) / D. Where: Y d = mean yield under reduced irrigation, Y p = mean yield under normal irrigation = potential yield, D = water stress intensity = 1 -(mean Y d of all genotypes / mean Y p of all genotypes). Moreover, three-dimensional plots among grain yield under normal and reduced irrigation and SSI were drew according to Fernandez (1992) using Statistica software ver.10 (2010).
The statistical analyses were performed using the statistical routines available in Microsoft EXCEL (2013). The percentage contribution of each variance component was estimated by summing the appropriate terms to give an estimate of total variance and then dividing the specific variance component by the total variance. Prior to conducting combined analysis, the error variance at each irrigation regime tested through the application of the F test in two tail as described in Gomez and Gomez (1984) . The maximum, minimum, ranges and means of irrigation regimes and genotypes were obtained and differences between genotypes' means were assessed with LSD at 5% level of probability. Seasons were random, while the irrigation treatments and genotypes were fixed.
RESULTS
The water table levels in the two seasons reached deeper than 180 cm after 60 days from sowing under the reduced irrigation treatment (at booting stage for most genotypes). While, it reached the same depth after 150 days from sowing under the normal irrigation treatment. As in Table 2 , there were manifested declines in the temperature throughout the second season compared with the first one.
1) Analysis of variance:
Mean squares of the studied characters under the two irrigation regimes across the two seasons are illustrated in Table 3 . The genotypes showed significant (0.01 probability) variances for all characters in all conditions. Moreover, the mean squares of genotypes under the normal water regime were higher than those under the reduced one for all characters in the two seasons, except for HI in the two seasons; for DM, FP, SM and KW in season 1; and for BY, SY and KS in the second season. Meanwhile, the mean squares due to genotypes in the first season were higher than those in the second one for the two water regimes for all characters, except for HI.
Homogeneity test showed that the error variances were heterogeneous across the two seasons and homogeneous for the two irrigation regimes in the two seasons for most characters. Therefore, the combined analyses were performed only for the two irrigation regimes in each season for all characters, except for KS and KW in season 1; and for DH and FP in season 2 ( Table 4 ).
The mean squares due to water regimes, genotypes and interactions between genotypes and water regimes were significant (0.05 or 0.01 probability) for all characters, except for DH and FR in season 1 and SY and HI in season 2 for water regimes; and for BY and SM in both seasons, FP and SY in season 1 and FR, Ph and KW in season 2 for interactions between genotypes and water regimes. Moreover, the mean squares due to irrigation regimes were the most important source of the total mean squares followed by genotype mean squares for all characters, except for DH and FR in season 1 and HI in the season 2.
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2) -Means performance: Table 5 shows the average values of the studied characters, as well as the maximum, minimum and ranges of these characters under the two water regimes in the two seasons. The means of all genotypes decreased significantly (Tables 3 and 5 ) under the reduced irrigation for all characters in the two seasons, except for HI in the two seasons; DH and FR in the first season; and SY in the second season. This was true for the means of most genotypes in the two seasons. Meanwhile, the means of all genotypes increased significantly under the reduced irrigation for HI in the first season. The maximum and minimum values for the studied characters tended to decrease under reduced irrigation in the two seasons, except for maximum and minimum values of HI and minimum values of FR and GY in the two seasons; and maximum values of SM and minimum values of KS and KW in the first season. The ranges between the maximum and minimum values of all characters deceased under the reduced irrigation, except for FP and HI in the two seasons; SM and KS in season 1; and BY and SY in season 2 ( Table  5) .
The means of all genotypes in the second season were higher than those in the first season under normal and reduced irrigation for all characters, except for FP under the two water regimes; Ph and SY under normal irrigation; and KW under reduced irrigation. In addition, the maximum and minimum values of all characters increased in the second season, except for maximum and minimum values of FP under the two irrigation regimes and KS under reduced irrigation; maximum values for BY, SY and SM under the two water regimes, Ph under normal irrigation and HI under reduced irrigation; and minimum values of GY and HI under normal irrigation. Meanwhile, the ranges between the maximum and minimum values were lower in the second season than the first one for all characters, except for GY and HI under the two water regimes and KS under reduced irrigation.
Line 2 was the earliest genotype for DH and DM under most conditions, while Cham 4 and Gemmeiza 9 were vice versa. The longest FP were reached in Sakha 93, while Sakha 94 and Line 4 had the shortest FP under all conditions. The highest FR were observed in Misr 1 and Misr 2, while Sakha 93 and Cham 4 showed the slowest FR in most conditions. The tallest genotypes were Misr 2, Gemmeiza 7 and Line 1, while the shortest genotypes were Sakha 93, Gemmeiza 10, Line 3 and Sids 13 in most conditions. Gemmeiza 9, Shandweel 1, Misr 1 and Misr 2 had the highest BY under most conditions, while Sakha 93 and Line 3 had the lowest BY under all conditions. The highest GY was obtained from Misr 1, Sids 13, Misr 2, Shandweel 1 and Sids 1 in most conditions, while, the lowest GY belonged to Sakha 93, Cham 4 and Cham 10 in most conditions. SY reached the highest values in Sids 1, Gemmeiza 9, Shandweel 1, Misr 1 and Line 4; and the lowest values in Line 3, Sakha 93 and Cham 10 in most conditions. The highest values of SM were found in Misr 2, Sids 13, Cham 4, Cham 6, Cham 8, Line 3 and Line 4 under most conditions, while the lowest values of SM were obtained in Gemmeiza 7, Gemmeiza 11, Sids 12 and Line 2 under most conditions. Shandweel 1, Sids 12, Sids 13, Line 1 and Cham 8 showed the highest KS under most conditions, while Sakha 93, Line 2 and Line 3 were vice versa in most conditions. The highest KW resulted from Line 1, Line 2, Line 3 and Gemmeiza 11 in most conditions, while the lowest values of KW belonged to Cham 4, Cham 6, Cham 8 and Cham 10 in most conditions. Only under the reduced irrigation, the highest values were observed for BY in Sids 1; for GY in Sakha 94; and for KS in Sids 12 and Gemmeiza 11, while the lowest values were observed for Ph in Sids 12 and Cham 4; and for SY in Giza 168.
The average reduction due to reduced irrigation ranged from -4.44% for HI to 12.21% for SM in the first season and from 0.27 for HI to 10.11 for SM in the second season (Table 6 ). SM in the two seasons along with SY and BY in first season and GY and KW in second season were the characters most affected by reduced irrigation. In addition, reduced irrigation resulted in an increase in HI in the first season. Moreover, HI, DH, DM and FR in the first season were the least affected characters by reduced irrigation. Also, the average reduction for all characters tended to increase under the second season, except for Ph, BY and SY.
The range of the reduction due to reduced irrigation extended from 3.27 % for DH to 41.10 for GY in the first season and from 3.65 for DM to 58.94 % for HI in the second season (Table 6 ). The highest ranges of reduction were observed for GY and FR in the first season and for HI and SY in the second season. On the other hand, DM and DH in the two seasons had the least ranges of reduction. Moreover, the ranges of reduction were higher in the second season compared with the first one for DH, DM, BY, SY, HI and KW, whereas the remaining characters were vice versa. 3) Stress susceptibility index (SSI): Table 7 illustrate stress susceptibility index (SSI) based on grain yield for the studied genotypes in the two seasons. Cham 4 then Sakha 93 revealed the lowest SSI, while the highest SSI belonged to Gemmeiza 9 in the two seasons. It could be considered that genotypes with SSI values less than 1 are tolerant to water stress; higher than 1 are sensitive to water stress; and equal or near to 1 are moderate tolerant or sensitive to water stress. In the two seasons, Sakha 93, Sakha 94, Line 2, Line 3, Cham 4 and Cham 6 were tolerant; Gemmeiza 11 was moderately tolerant, and Giza 168, Misr 2, Gemmeiza 9, Sids 13 and Cham 8 were sensitive to water stress. Sids 1 and Line 4 ranged from moderately tolerant; Misr 1, Gemmeiza 7, Gemmeiza 10, Sids 12 and Line 1 ranged from sensitive to moderately tolerant; and Shandweel 1 and Cham 10 ranged from sensitive to tolerant to water stress in the two seasons.
Three-dimensional plots among grain yield under normal (x-axis) and reduced (y-axis) irrigation along with stress susceptibility index (z-axis) in the two seasons are presented in Fig. 1 . The X-Y plane is divided into four segments by drawing intersecting lines through grain yield under normal and reduced irrigations and the four groups are marked as group A to group D. Group A included Sakha 94, Misr 1, Misr 2, Sids 13 and Shandweel 1 in the two seasons; Line 4 in the first season; and Gemmeiza 10, Gemmeiza 11 and Sids 1 in the second season. Meanwhile, group B contained Gemmeiza 9 and Line 1 in the two seasons; Gemmeiza 10 in season 1; and Giza 168, Gemmeiza 7, Line 4, Cham 8 and Cham 10 in the second season. In addition, group C comprised Sids 1 and Cham 4 in the first season, but did not have any genotypes in the second season. Moreover, group D had Sakha 93, Sids 12, Line 2, Line 3 and Cham 6 in the two seasons; Giza 168, Gemmeiza 7, Gemmeiza 11, Cham 8 and Cham 10 in the first season; and Chm 4 in the second season. The high yield potentiality under the two water regimes went with the high water stress tolerance in Sakha 94 in the two seasons; Line 4 in the first season; and Gemmeiza 11 and Sids 1 in the second season. In addition, Misr 1, Misr 2, Sids 13 and Shandweel 1 in the two seasons; and Gemmeiza 10 and Sids 1 in the second season were high yielding and susceptible to water stress. The high yield potentiality under normal irrigation and water stress susceptibility were observed in Gemmeiza 9 and Line 1 in the two seasons; Gemmeiza 10 in the first season and Giza 168, Gemmeiza 7 and Cham 8 in the second season, while Line 4 in the second season was high yielding under normal irrigation and tolerant to water stress. Meanwhile, the low grain yield potentiality under the two irrigations corresponded with the susceptibility to the water stress in Sids 12 in the two seasons; and Giza 168, Gemmeiza 7 and Cham 8 in the first season. Moreover, Cham 4 and Sids 1 had the highest grain yield under reduced irrigation and were tolerant to water stress in the first season. The lowest grain yield under reduced irrigation and the highest water stress tolerance belonged to Cham 4 in the second season. Shandweel 1 and Cham 10 showed fluctuation response to water stress across the two seasons. 
DISCUSSION
The experimental sites were chosen to represent the agricultural environments of production areas in north delta. Rajaram et al. (1996) concluded that simultaneous evaluation of the germplasm both under near optimum condition (to identify genotypes with high yield potential) and stress conditions (to preserve alleles for water stress tolerance) is important to breed for higher yielding and drought tolerant genotypes. Moreover, the experiments were repeated across two seasons to give greater reliability to the results. As in Table 2 , the season 2 had considerable lower daily air temperatures rather than the season 1 in all months.
1) Analysis of variance:
The analysis of variance was performed to separate the genetic from the other components of the phenotypic variances then test the significance of these components under the two water regimes in the two seasons. The significance of genotypes' variances for all characters under all conditions reflect the presence of sufficient genetic variability between these entries and provides the basis for genetic gain and the adaptation in any breeding program (Rajaram et al., 1996) . Comparing the mean squares of genotypes under the normal and reduced irrigation showed greater genotypic variances under normal irrigation for most characters across the two seasons. The evaluation in the non-stress environment allowed a better expression of genetic potential and the selection based on nonstress environment outperformed the selection from the stress environment (Ahmed et al., 2014) . A similar trend of results was found by Mohammadi et al. (2011) , and Abd El-Mohsen et al. (2015) .
Moreover, low temperature in the second season may resulted in lower mean squares of genotypes in the second season compared with the first one in most cases. In this respect, Singh and Byerlee (1990) stated that yield variability tended to be higher in warmer subtropical countries due heat stress. According to Hassanein et al. (2012) , plants at Sakha location will be less influenced by the increase in air temperature by 1.5°C and by the increase air temperature with 3.5°C, plants will lose ability to grow at the normal rate which will lead to significant loss in yield.
The analysis of variance was performed over the two water regimes to estimate the effect of water regimes, genotypes and the interactions between water regimes and genotypes then test the significance and compare these components in the two seasons. Significant variations were observed due to water regimes, genotypes and interactions between genotypes and water regimes for most characters. The significance of the interactions is a result of the different abilities of the cultivars to adjust their characters to the environment, suggesting the importance of genotypes assessment under different environments to identify the best ones for a particular environment. Previous studies have indicated that most earliness and yield and yield components characters were affected significantly by water stress, genotypes, and genotypes by water stress interactions (Farhat, 2009) It is quite useful and illustrative to express all components of variance in percentages, which show the relative contribution of each source to the total variance (Table 4 ). The mean squares of irrigation regimes explained most of the total variation for most characters in the two seasons, indicating the relative importance of irrigation treatments in breeding programs for water stress tolerance. A similar trend of results was found by Mohammadi et al. (2011) , and Abd El-Mohsen et al. (2015) . In addition, Solomon et al. (2008) obtained a dominant effect of the environment over that of the genotypes for yield of 23 wheat genotypes across 12 environments. Moreover, the high importance of variances due to genotypes compared with those of interactions between genotypes and water regimes for most characters indicate that the studied genotypes had the same and fixed relative performance and in general, some genotypes were superior in all conditions.
2) Means performance and water stress susceptibility index:
In respect to the means of all genotypes, these means significantly decreased for most characters in the two seasons under reduced irrigation. In addition, the maximum and minimum values for the studied characters went in the same trend for the overall means and decreased under reduced irrigation in the two seasons. Moreover, the ranges between the maximum and minimum values of all characters deceased under the reduced irrigation in the two seasons in most cases. Plant water stresses affect most physiological processes in wheat and may lead to reduce plant growth by affecting various physiological and biochemical processes, such as photosynthesis, respiration, translocation, ion uptake, carbohydrates, nutrient metabolism and growth promoters (Jaleel et al., 2008) . In general, these results are in harmony with those reported by Farhat (2009) , and Abdelraouf et al. (2013) .
The daily air temperatures were low in the second season than the first season (Table 2) . These conditions represented more suitable growth condition and allowed the genotypes to express their genetic maximum potential. The means of all genotypes in the second season were higher than those in the first season under normal and reduced irrigation for most characters ( Table 5 ). The primary variable influencing phasic development rate is temperature (Iglesias, 2006) and consequently reduce the most agronomic characters. In general, these results are in line with those of Hassanein et al. (2012); and Rahmani et al. (2013) .
Moreover, Line 1, Line 2 and Line 3 were the earliest genotypes for heading and maturity and could be used as source of earliness in breeding program.
Magnitude of yield depression is perhaps the most practiced measure of water stress tolerance of wheat plant (Foulkes et al., 2004) . The stress susceptibility index (SSI) estimates the rate of change for each genotype in yield between the stress and non-stress conditions relative to the mean change for all genotypes. Regardless of the low grain yield potentiality, Cham 4 then Sakha 93 were the most tolerant genotypes to water stress in the two seasons and could be used as source of water stress tolerance in breeding programs, while Gemmeiza 9 was vice versa.
The three dimensional plots (Fig. 1 ) separated the genotypes into 4 groups: high yielding under both normal and water stress (Group A), high yielding under normal (Group B) or water stress (Group C), and low yielding under both water regimes (Group D). Based on results of each of the three dimensional plots (Fig. 1) and stress susceptibility index (Table 5) , Sakha 94 had the advantages of the two breeding strategies for water stress i.e. high yield potential and water stress tolerance and hence recommended to be used as parents for genetic analysis and improvement of water stress tolerance in wheat breeding programs. According to Nawaz et al. (2013) , a water stress tolerant genotype yields significantly higher than average compared with other genotypes of the same species under water stress. On the other hand, Misr 1, Misr 2, Sids 13 and Shandweel 1 showed the highest yield potentiality and were susceptible to water stress, consequently could be used as source for yield potential improvement. The same trend was observed for Gemmeiza 9 and Line 1 under normal irrigation in the two seasons. Meanwhile, the opposite results were reported for Sids 12 in the two seasons, since showed low yield potential and was susceptible to water stress. The remaining genotypes had year-to-year variation in grain yield potentiality and stress susceptibility index. More studies for another years are needed for more reliability on these fluctuating results. In addition, Abd El-Mohsen et al. (2015) found that Sids 1, Sham 10, Sham 8 and Sahel 1 were identified as the most water stress tolerant from ten studied bread wheat genotypes. Generally, some water stress tolerant-genotypes are not necessarily to be the highest in yield potentiality under this study.
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